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Introduction
The development of novel metallo-supramolecular species with useful inclusion behaviour for neutral, cationic and anionic guests has been a focus of much research effort. [1] [2] [3] [4] [5] [6] These materials have been studied, for example, from the perspective of exploring the self-assembly of such compounds, 2 to develop receptors, 3, 5 to stabilise reactive intermediates or products, and for investigating catalysis within the closed environment of the polyhedral assemblies. 3, 4, 6 A related field on the study of anion binding has undergone a similar, rapid development. [7] [8] [9] [10] [11] [12] This birth of anion coordination chemistry 13 stems from the significant impact anions have in environmental, biological and medicinal settings. Strategies to selectively complex anions require the synthesis of hosts utilising one or more of a toolbox of interactions, 11 including hydrogen bonding donor groups, 10, 12 π-acidic heteroarene scaffolds, [14] [15] [16] [17] cationic groups for electrostatic interactions 11, 18 and Lewis acidic moieties. 11 The investigation of metallo-supramolecular assemblies 5, [19] [20] [21] [22] and coordination polymers [23] [24] [25] as anion receptors and for anion separation or sequestration has also received attention. In the context of developing such systems for anion inclusion, the use of a metallo-supramolecular species to bind anions can provide a number of advantages over neutral organic receptors. 5, [20] [21] [22] Firstly, the anion binding and encapsulating aspects of a self-assembled system can be readily explored by combining a number of relatively simple organic ligands, which display moieties capable of interacting with anions with different metal ions; the structural complexity required to bind an anion of interest is controlled by the choice of metal ion, 26 Figure 1(a). Altering the affinity for a particular anion could be achieved by substituting in a different, but structurally similar ligand (Figure 1b ) or changing the metal ion. 26 Furthermore, labile transition metal centres might allow such receptors to respond to external stimuli, while the correct choice of metal centre could facilitate detection as a consequence of optical or electrochemical responses to binding. The incorporation into metallo-supramolecular species and coordination polymers of ligands containing hydrogen bond donor groups has been explored. 5, [27] [28] [29] [30] [31] In particular, transition metal complexes with pendant hydrogen bond donor groups have been investigated, 5, 32, 33 and metallo-supramolecular assemblies with internal hydrogen bonding domains have also been reported. 20, 21, 26, [34] [35] [36] [37] [38] Such self assembled metallosupramolecular species have been employed as anion sensors. 39 In this latter context, we have directed our attention toward two major types of organic ligand, namely, electron deficient [3] radialene compounds [40] [41] [42] [43] [44] and heterocyclic amide ligands, [45] [46] [47] in an effort to generate simple metallo-supramolecular assemblies and coordination polymers that encapsulate anions. Flexible bis-amide containing ligands (Diagram 1) were chosen to probe the effects of having two different and potential competing, orthogonal, supramolecular synthons in the same component; namely metal donor sites and hydrogen bond donor/acceptor moieties. Puddephatt has observed the effect of similar multiple supramolecular synthons in more rigid bis-amide compounds [48] [49] [50] [51] but also for an isomer of L1. 52 In two cases in the current work, L4 and L5, the hydrogen bond donors are pre-organised to lessen the ability of the diamide compounds to form selfassembled hydrogen bonded tapes. 47 
Diagram 1
Herein we investigate the competing syntheses of discrete self-assembled metallo-macrocyclic compounds ( Figure 1a ) and coordination polymers (Figure 1c ) of the diamide compounds L1 -L5 with silver(I) metal salts. A new ligand L5, with chelating di-2-pyridylmethyl donor groups, was prepared. Three compounds were studied in solution by 1-D and DOSY NMR spectroscopy and all were investigated by mass spectrometry, while X-ray crystallography was used to obtain the structures of three new metallo-macrocyclic complexes and three related coordination polymers.
This enabled the consequences of competing supramolecular synthons to be investigated by comparing the solution and solid-state behaviour of each metal-ligand combination.
Experimental section

General Experimental
Melting points were measured on a Gallenkamp melting point apparatus and are 
X-ray Crystallography
In general, crystals were mounted under oil onto a plastic loop and X-ray data collected at low temperatures with Cu-K ( = 1.5418 Å, L5) or Mo-K radiation ( = 0.71073 Å, 6 -11). Data was collected on (i) a Bruker Apex II CCD diffractometer, or (ii) an
Oxford Diffraction X-Calibur diffractometer. Data were corrected for polarisation and
Lorenztian effects, and absorption corrections applied using a multi-scan method.
Structures were solved by direct methods using SHELXS-97 54 and refined by full-matrix least squares on F 2 by SHELXL-97. 55 Unless otherwise stated, all non-hydrogen atoms were refined anisotropically and hydrogen atoms were included as invariants at geometrically estimated positions. Diagrams were generated using the program X-
as an interface to POV-Ray. 57 Additional refinement details for individual structures are described below. CCDC numbers 873856 -873862 contain the full crystal data for these structures. These data can be obtained from the Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Additional refinement details
Compound 6: The hexafluorophosphate anion in 6 is disordered over two positions (77:23) and a DFIX restraint was used to maintain a sensible geometry for part 2. 150 (2) 89 (2) 89 (2) 89 (2) Crystal system 
Results and Discussion
Ligand Synthesis
Following the approach previously used to prepare related diamide ligands, 47, 58, 59 di-(2-pyridyl)methylamine, which was synthesised in two steps using literature procedures, [60] [61] [62] was reacted with 2,6-dimethylpyridine dichloride to give L5 as a cream solid in ca 51% yield. Elemental analysis suggested that this product was obtained as the hydrate, 
Coordination Chemistry
Compounds L1 -L5 are all ditopic ligands that, under appropriate conditions, would be expected to form discrete metallo-macrocycles capable of encapsulating anions in the cavity formed within the macrocyclic structure. However, due to their inherent flexibility, it is also possible that coordination polymers may form. To understand the types of structures that can be obtained with compounds L1 -L5, they were reacted with a range of silver salts (AgX, where X = NO 2 , NO 3 , CF 3 COO, and PF 6 ). This 
Synthesis of 1-D Coordination Polymers
Reaction of AgPF 6 with L1 in a mixture of acetonitrile and methanol, followed by slow environment have been shown to be inversely proportional to the ratio of their radii, [63] [64] [65] [66] [67] this indicates that the species formed from AgNO 3 and L1 is larger than the original ligand. Such analysis has been utilised to estimate the relative size of a molecule from a comparison of the diffusion rates and is more readily applied than establishing a Stokes-Einstein relation for this type of system. 68 The calculated ratio D 6 /D L1 is 0.74, which is in agreement with the theoretical ratio of 0.72-0.75 expected for a dimeric structure (Diagram 2).
63-65,68
Unfortunately, despite using both approaches to prepare NMR solutions, compounds 7 and 9 were not soluble in CD 3 CN at suitable concentrations nor appear to be maintained in DMSO solution and thus the corresponding analysis could not be completed. In this case, the ring opening polymerisation is favoured by the formation of complementary hydrogen bonded tapes of the 1-D coordination polymers.
Synthesis of the Ag(I) metallo-macrocycles
A second silver(I) complex (8) This study has further demonstrated the effect of competing supramolecular synthons, covalent M-L bonding and hydrogen bonding, on the self-assembly of discrete metallo-supramolecular systems containing flexible diamide ligands. The dichotomy of structures appears to be a consequence of having very similarly matched driving forces for hydrogen bonding interactions versus covalent M-L bonding for these materials. In pursuit of our ambitions of self-assembling metallo-supramolecular species capable of responsive binding of anions we are currently looking at several approaches to limit the propensity of these compounds to form the hydrogen-bonded networks observed in 6, 7 and 9. These include continuing to utilise pre-organised binding pockets (like L4) and synthesising the thioamide analogues of L1 to L3.
